The work of cultural heritage protection has risen to the national strategic level in China in recent years. More and more high and new technologies are applied in the fields of cultural relics and archaeology, heritage protection, etc., including the drone photography technology. Because the cultural protection industry has high requirements for the accuracy of reconstruction results, it puts forward higher requirements for the three-dimensional reconstruction of drones. In this paper, the factors affecting the reconstruction accuracy of the rotor unmanned opportunity are analyzed and summarized in the archaeological protection of cultural relics, and the technical integration of the oblique photography technology in archaeological work is carried out to improve the quality of modeling results.
INTRODUCTION
It is mentioned in 11.4 of the SDGs that cultural heritage is a common civilization wealth of all mankind and needs to strengthen efforts to protect and safeguard the world's cultural and natural heritage. But more and more ruins are facing devastating destruction and demise as time goes by and the environment changes. The preservation of heritage and archaeological sustainability has become a major strategic need for the country to enhance cultural self-confidence. The preservation of a large number of ruins and the perpetuation of digital information will certainly be put on the agenda.
The digital protection of the ruins begins with a threedimensional reconstruction of the ruins and a more elaborate reconstruction model. Then through the virtual restoration, virtual restoration, and three-dimensional real-life display of the reconstruction model, not only can the digital records of each period of archaeology be recorded, but also reliable support for archaeological excavation and subsequent scientific protection. UAV tilt photography is an efficient 3D reconstruction technology developed in recent years. It is characterized by low cost, easy operation, high flexibility, and is suitable for a wide range of 3D reconstruction work.
The archaeological work of the ruin has high requirements for the accuracy of 3D reconstruction. It is not only necessary to ensure the integrity of the model, but also has a good mapping effect. It also has higher requirements on the resolution of the model, and sometimes needs to achieve millimeter precision. UAVs will be affected by many factors in actual work, such as the selection of drones and lenses, the layout of field survey parameters and control points, and the selection of software and hardware for later data processing. Through reading relevant research results, most scholars have studied one of them, and did not conduct an overall analysis of the influencing factors. Due to the large number of influencing factors, the research results are too much, and the lack of collation and summary makes it difficult to obtain the required information directly and efficiently.
Therefore, this paper attempts to analyze the high-precision requirements of the tilting photography of the drones of archaeological sites from the aspects of the UAV platform equipment, aerial camera parameters and route parameter settings, ground control point layout and data processing hardware and software. The method and the method of summarizing the research results are used to comprehensively analyze the factors affecting the reconstruction model and determine the factors that mainly affect the modeling accuracy. At the same time, according to the special work requirements of the actual site archaeology, improve the working methods to improve the quality of the reconstruction results, in order to meet the relevant needs of archaeological experts. 
INFLUENCING FACTORS OF RECONSTRUCTION

ACCURACY OF ROTOR UAV
Technical route
In order to determine the degree of influence of different factors on the modeling results, this paper uses different research methods to analyze and summarize the three main aspects of the selection of the UAV equipment, the related settings of the field survey and the data processing. When the UAV is conducting an aerial survey task, many sensors carried by itself will generate a large number of parameters and direct image data quality. The method of finding the most frequently occurring parameters from the calculation formula of the relevant derivative parameters is Formula analysis method. In the selection of UAV equipment, the research method based on formula analysis will be combined with the latest research results. In the two aspects of aerial survey and post-processing, the method of summarizing and sorting is mainly adopted, and the method of formula analysis will be taken into consideration when specific factors are involved. The specific technical route is shown in Figure 2 . 
UAV selection and parameter settings
Some scholars have proved through research that the UAV tilt photography technology can also play a big role in the field of architectural heritage (Li, 2018) , in the wild ruins (Sun et al., 2018) , ancient tower, ancient buildings (Sun et al., 2017) and grottoes. The three-dimensional reconstruction of cultural heritage archaeology (Li, 2019) has an important position. These scholars' articles have carried out an accuracy analysis on the reconstruction results, and the accuracy of the UAV tilt photography can meet the needs of the industry.However, the question of how the drone used is chosen is not described and explained. Choosing the right drone is crucial before archaeological work. It is important to consider the choice of drone platform and lens. The choice of camera and lens is a more important aspect. 
Selection of Unmanned Aerial Vehicle
Selection of camera and lens:
Selecting a drone camera mainly considers the number of camera lenses, sensor size,
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The ground resolution (spatial resolution) represents the actual ground distance represented by a pixel in the pixel. The mapping scale can be combined with the ground resolution by equation, that is "1 foot = 96 pixels = 0.0254m, so that 1 pixel = 2.65 x 10 -4 "M can be obtained. The general conversion relationship between scale and them is as follows: Scale = distance on the graph / actual distance = 1: (resolution / 2.65 x 10 4 ) For example, a tilt image with a resolution of 5 cm can be easily calculated to have a scale of 1:180, which means that it can meet the requirements of a 1:200 large scale topographic map. In terms of model accuracy, it is necessary to compare the checkpoint coordinates in the 3D model with the actual GPS measured coordinates of the checkpoint for accuracy assessment. This is the most accurate way to calculate the three-dimensional reconstruction model of oblique photography. In the industry, there is a saying that the model accuracy is 3 times the ground resolution, that is, the model elevation accuracy of tilt photography is generally three times that of the ground resolution (GSD).
The number of lenses is mainly reflected in the work efficiency of the UAV tilt photography work, and the impact on the accuracy is mainly reflected in the distortion of the camera.
Professional tilt camera components are typically five lenses, but there are also dual, triple and four lens cameras. Most of these lenses are measuring camera lenses, the lens is less distorted, and the image quality obtained is also higher. the lens is less distorted, and the quality of the impact is higher. Most of the cameras selected for single-lens drones are non-measurement cameras, and the DJI Phantom series of consumer drones are the most representative. Many scholars have carried out experiments on the working ability of consumer-grade UAVs in the field of 3D reconstruction. The experimental results show that after better parameter setting and distortion correction, it is also applicable to consumer-grade UAVs to achieve the industry standard for aerial survey 3D reconstruction (Liu, 2016) .
Although the five-lens camera is a professional device for tilt photography, there is almost no distortion. However, the use of a five-lens drone also requires consideration of the focal length of the down-camera and tilt-camera. The focal length of the camera is long, and the smaller the field of view, the more image texture can be obtained; on the contrary, the focal length is shorter, the angle of view is large, and the image distortion is more serious. In general, the GSD of the lower camera should be equivalent to the GSD mid of the side view camera (Yang et al., 2016) :
In the formula , is the camera tilt angle. When the tilt angle is set to 45°, the focal length of the side view camera is generally 1.4 times the focal length of the down view camera. Therefore, when tilting photography, the focal length of the side view camera is generally longer than that of the lower view camera.
Choosing the right lens for matching can effectively control image distortion and improve 3D reconstruction accuracy.
Distortion of the camera lens:
In recent years, with the rise of consumer-grade drones, there have been many studies on its applicability and mapping . The nonmeasurement camera mounted on the consumer drone has its own distortion, which will seriously affect the accuracy of the acquired photos, resulting in the error of the three-point accuracy of the air directly affecting the 3D reconstruction result (Liao et al., 2018) . The distortion error formula is as follows:
Where ki is the radial distortion coefficient of the objective system, γ is the radial of the image point, and the radial approximation formula. The camera distortion error is the error caused by the nature of the camera itself, which is an accidental error, but its effect is systematic. Correction must be performed before 3D reconstruction (Zheng., 2015) . It is generally corrected by establishing the test field method (Yang., 2009 ). In addition to the test field method, there is also a method of camera calibration. The commonly used camera calibration method is "Zhang Zhengyou" (checkerboard) camera calibration method.
The accuracy of 3D reconstruction of sequence images after camera distortion correction is greatly improved, so camera lens
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Route parameters and layout of image control points
Route parameter setting:
The route setting of the drone is the most critical for the tilt photography work. Many problems need to be considered when setting the route parameters, including, for example, flight speed, image overlap, altitude (Liao et al., 2011) . Through research and summary, it is found that the route height (including absolute altitude, relative altitude and average altitude) is more important. In order to achieve the image ground resolution of the project, it is necessary to set the elevation of the route for the terrain of the survey area. However, in the environment where the terrain of the survey area is relatively complicated and the terrain is very undulating, it is necessary to carefully set the altitude. If the average elevation is selected as the calculation standard for the camera resolution, the ground resolution of the image at the lowest point of the terrain will be much smaller than the set standard. However, in order to meet the ground resolution of the lowest point, it may cause the route to be too low, and even the drone may be in danger of hitting the mountain. Therefore, it is necessary to calculate and adjust the minimum ground resolution of the average altitude and the minimum point until the overall demand of the aerial survey project is met.
In addition to the aeronautical altitude, the setting of the overlap has a great influence on the accuracy of the three-dimensional reconstruction. In the relevant regulations, when the UAV is used for tilt photography, the heading overlap rate should be 60% to 80%, and the side overlap rate should be no less than 70%.
However, in practical applications, the set overlap rate tends to deviate from the actual overlap rate of the final captured photos.
Especially when the local shape is large, this requires local design parameters according to terrain and ground resolution requirements (Jin et al., 2016) . In order to meet the aerial photogrammetric control measurement specifications and even meet the higher precision standards, it is necessary to carry out the control point layout The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W20, 2019 ISPRS and GEO Workshop on Geospatially-enabled SDGs Monitoring for the 2030 Agenda, 19-20 November 2019 · work according to the local conditions of the aerial survey area (Jiang, 2015) .
Control points setting:
2.4
The impact of hardware and software equipment 2.4.1 Selection of modeling software: Through the summarization and analysis of many 3D reconstruction software, Context Capture software is even better in 3D reconstruction.
Context Capture can generate the most realistic 3D scene model from simple continuous effects without human intervention (Hua, 2019 
Hardware processing capability：The image acquired by
the drone tilt photography will be different in modeling accuracy after being processed by a computer with different hardware. (Xu, 2018) . After improving the hardware performance of the processor (CPU), memory capacity, graphics card, etc., it can be seen from the experimental results that the modeling accuracy is improved after improving the processing performance of the machine, but the high-performance computer in processing time and modeling texture details Obviously better than low performance computers.
In order to better carry out the 3D reconstruction of low-altitude photogrammetry, using computer processing with better performance will reduce the model processing time and optimize the model texture detail processing to meet the working requirements.
Summary of main factors
Compared with urban 3D reconstruction, the site has higher requirements for the accuracy of the 3D reconstruction model. It is necessary to find the most critical influencing factors, and then solve and improve them to meet the requirements of the UAV mapping project. Through the collation and analysis of the influencing factors, the main influencing factors have been clearly understood and judged.
By comparison, among the many influencing factors, the most important is the correction of ground resolution and camera distortion. The higher the ground resolution of the photo, the more accurate the results will be in the third and subsequent reconstruction calculations. The setting of the ground resolution affects many other parameter settings in tilt photography, and its importance is obvious. Secondly, the distortion of the camera will also seriously affect the accuracy of the space, which directly affects the subsequent modeling accuracy. In order to obtain higher reconstruction accuracy, the camera distortion must be improved or solved.
In addition to the two factors of ground resolution and camera distortion, the other important factors are the altitude of the drone, the focal length of the camera, the size of the CCD pixel, and the layout of the image control points. The factors such as hardware and software of post-processing data will have an impact on the modeling results, but the impact is small. Therefore, the influencing factors can be ranked according to the degree of influence as shown in the following 
Digital reconstruction of the ruins area
In order to obtain a large range of data from the site and the surrounding area, the DJI M600 multi-rotor drone is used. The drone is equipped with a five-lens measuring camera, which is specially used for the three-dimensional reconstruction of tilt photography. The UAV is limited by the flight altitude. The flight altitude is 100 meters, the heading overlap is set to 80%, 
Influence of height difference of survey area on reconstruction accuracy
The archaeological area is located on the top of the mountain, and its range is about 60m×60m. The highest difference between the highest point and the lowest point in the area is about 10m, which leads to the difference in the accuracy of the modeling results in the modeling area. In order to prove that the accuracy in the measurement area does vary, a simple experiment was designed. Marking paper covered with black squares of different sizes is attached to a box of fixed size as an experimental equipment. The sides of the black square are 5mm, 10mm, 20mm, 30mm, 40mm and 50mm in order from small to large.
Place the box at the highest and lowest points in the survey area and at other locations in the middle height. The approximate range of accuracy error in the measurement area can be judged by observing whether the black square of the identification paper after the three-dimensional reconstruction exists and is clear. 
HD orthophoto production in the ruins area
In order to carry out the hand-painted archaeological maps of the ruins, the archaeological experts of the site need to cover the high-definition orthophoto images of all the ruins for reference.
For the ortho-images, the gap between each tile can be clearly seen. In order to achieve higher model accuracy and orthophoto resolution, it is necessary to reduce the flying height of the drone and improve the modeling quality when data acquisition is performed.
Using the DJI Phantom 4 drone for aerial survey, the take off point is placed at the highest point of the ruins, the flight altitude is 13m, the heading and side overlap are 75%, and 4 control points are evenly distributed around the ruins area to obtain coordinates for control. The drone carried a total of 5 routes, took a total of 90 minutes, and obtained 1683 images. The Context Capture software is also used for internal processing of data to generate an orthophoto map.
However, the orthophoto images obtained are not enough to meet the needs of archaeologists, and the details of many sites cannot be clearly expressed. However, the set flight altitude is close to the minimum requirements for flight safety, and adjusting the route of the drone alone cannot improve the accuracy of the results. In order to solve this problem, close-range photogrammetry is combined with oblique photography.
The high-resolution image of the site detail obtained with the Nikon D810 camera was combined with the tilted photographic image of the drone for 3D reconstruction. The comparison of the orthophoto images generated before and after the close-range photogrammetry is shown in the figure below. Through the actual three-dimensional reconstruction work, it can be proved that solving the problem of relevant influencing factors can really improve the accuracy of the three-dimensional reconstruction of the drone. However, in some cases, relying solely on the UAV tilt photography method is not able to complete the archaeological work, so it is necessary to combine other mapping methods to achieve better 3D reconstruction.
CONCLUSIONS
As a common wealth of all mankind, cultural heritage requires the unremitting efforts of all mankind to protect it. In SDGs 11.4, "Strengthen efforts to protect and safeguard the world's cultural and natural heritage." is also written. With the continuous advancement of society, the importance of cultural heritage protection will be recognized by more people. With the continuous development of science and technology, the The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W20, 2019 ISPRS and GEO Workshop on Geospatially-enabled SDGs Monitoring for the 2030 Agenda, 19-20 November 2019, Changsha, China · protection of cultural heritage will become more and more efficient and more scientific.
